A summary of recent results from ZEUS is presented. New ZEUS results from HERA-1 data include Structure Functions, QCD fits, analysis of hadronic final states, precision measurements of αs, production of heavy flavor mesons and baryons and studies of diffraction. Results from the new HERA-II running include the measurement of the cross section for polarized charged current events and charm events tagged with the new ZEUS vertex detector.
Introduction
There are new ZEUS results on total neutral and charged current differential cross sections, structure functions, and their QCD fits. Analyses of the hadronic final states in these data have produced several precision measurements of α s and have been used to test new NLO QCD calculations.
ZEUS data show evidence for pentaquark baryons with strangeness. Precision measurements of charm production in DIS may now be used to check NLO calculations and constrain the gluon content of the proton. Measurements of B production in photoproduction and DIS are showing improving agreement with NLO QCD. Electroproduction of φ and J/ψ mesons show consistency with VMD and Regge phenomenology as well as with pQCD. Diffractive charm production can now begin to discriminate amongst diffractive parton distribution functions.
Following the upgrade to HERA-II, the ZEUS detector turned on with new microvertex and forward tracking detectors. In 2004, HERA achieved longitudinal polarization of > 50 % and has begun to deliver luminosities approaching the required rate to reach the luminosity goal. Physics results from the beginning of the HERA-II luminosity running with 33 % polarized positrons show that the ZEUS detector upgrades are working well.
These ZEUS results are discussed below and presented in greater detail in the individual contributions in these proceedings.
Cross Sections, Structure Functions and QCD fits
ZEUS has measured the Charged and Neutral Current cross sections for collisions of positrons and electrons on protons from the full HERA-I data sample. Figure 1 shows the NC and CC cross sections as a function of Q 2 for e + p and e − p scattering as measured by the ZEUS [2] experiment. The ZEUS measurements are in a good agreement with expectations of the Standard Model (SM), calculated with the CTEQ6D [3] parameterization of parton distribution functions (PDFs) in the proton. Figure 2 shows results of the latest structure function fit based on ZEUS data alone from the full HERA-I sample (ZEUS-O). The addition of data used in the fit up to a Q 2 of 30,000 GeV 2 reduces the need for fixed target data and sum rules to constrain the fit for x > 0.05. There is good agreement between these new fits and the previous ZEUS fits (ZEUS-S) from the 1994-1998 data sample, which made more use of fixed target data, and with the MRST 2001 PDF [8] .
Hadronic Final States
The ZEUS collaboration has recently developed a rigorous and consistent technique for including jets in QCD fits. Figure 3 shows the effect of combining inclusive DIS jet data and high E T dijet photoproduction data into the ZEUS QCD fits. The figure shows the ZEUS-only gluon fit with and without the jet data included in the fit. The jet data constrains the medium-x gluon distribution, providing improved precision on the gluon for 0.01 < x < 0.1.
Event shape variables have been measured in the current region of the Breit frame for NC DIS events. The Q-dependence of the means and distributions of the shape variables has been compared with a model based on fixed-order plus next-to-leading-logarithm perturbative calculations and the Dokshitzer-Webber [5] non-perturbative corrections ("power corrections"). The event shapes examined and displayed in Fig. 4 include thrust with respect to the thrust (T T ) and γ (T γ ) axes, broadening (B γ ), jet mass (M 2 ) and particle pair correlations (C). The power corrections introduce the parameterᾱ 0 to describe the non-perturbative effects: F = F N LO + F (ᾱ 0 ) P OW . The differential distributions are fit with the combination of NLO QCD with power corrections and NLL resummation [6] , producing α s ≃ 0.118, andᾱ 0 ≃ 0.5. The resummation extends the fit range and yields consistent values of α s andᾱ 0 for T γ , T T , B γ , and M 2 , with C displaying some disagreement which depends on the fit range used.
The integrated jet shape, ψ(r), is the fraction of the jet transverse energy that lies inside a cone in the η − ϕ plane of radius r concentric with the jet axis while the mean integrated jet shape, ψ(r) , is defined as the averaged fraction of the jet transverse energy inside the cone. Measurements of the mean integrated jet shape in DIS have been used to extract a value of α s (M Z ) by comparing to the NLO QCD predictions of Disent [12] as a function of E ZEUS has measured the differential dijet and trijet cross sections in neutral current DIS for 10 < Q 2 < 5000 GeV 2 with high precision. These cross sections have been measured as functions of the jet transverse energy in the Breit Frame, E with two (three) or more jets were required to have the invariant mass of the two (three) highest E jet T,B jets to be greater than 25 GeV to enable comparison with reliable NLO calculations.
The differential dijet and trijet cross sections as functions of Q 2 are presented in Fig. 7 . The largest uncertainty in the data is due to absolute energy scale of the calorimeter. The cross sections are compared with the NLOJET [7] program using the MRST2001 [8] PDFs and corrected for hadronization effects using the Lepto [9] 6.5 program. Uncertainties due to terms beyond NLO were estimated by varying both µ R and µ F between (Ē
. The data is well described by the NLO QCD prediction. The renormalization scale error grows larger at low Q 2 . Figure 8 shows the ratio of trijet to dijet cross sections as a function of Q 2 . The correlated systematic and renormalization scale uncertainties cancel in this ratio. The agreement between the data and the NLO predictions is good within the uncertainties (experimental ∼ 5 %, theoretical ∼ 7 %), which are substantially reduced from those of the dijet and trijet cross sections alone and should be able to yield another precise measurement of α s (M Z ).
In the DGLAP formalism, the parton cascade that results from the hard scattering of the virtual photon with a parton from the proton is ordered in parton virtuality. This ordering along the parton ladder implies an ordering in transverse energy of the partons, with the parton participating in the hard scatter having the highest transverse energy. In the BFKL formalism there is no strict ordering in virtuality and transverse energy. Since the partons emitted at the bottom of the ladder are closest in rapidity to the outgoing proton, they are manifested as forward jets. BFKL evolution predicts that a larger fraction of small x events will contain high E T forward jets than is predicted by DGLAP [10] . ZEUS has performed measurements of the DIS differential inclusive forward jet cross sections in the lab frame with the specific restrictions cos γ h < 0 (where γ h is the angle that defines the average direction of the hadronic system) to remove single jets, 2 < η jet < 3 to select forward jets and 0.5 < E 2 T ,jet Q 2 < 2 to limit the Q 2 evolution of the particles on the parton ladder. This phase space region is where events exhibiting BFKL effects are expected to be dominant. The measurements are presented in Fig. 9 . The predictions of Ariadne [11] describe the data well, whereas the predictions of Lepto [9] fail in all distributions. The Ariadne program uses the Color Dipole Model, which treats gluons emitted from quark-antiquark (diquark) pairs as radiation from a color dipole between two partons. This results in partons that are not ordered in their transverse momenta.
The measurements are also compared with QCD predictions evaluated using the event generator Disent [12] . The calculation describes the measurement as a function of x Bj at high values, but underestimates the data in the low x Bj region by nearly a factor of two. In this region there is a large renormalization uncertainty, an indication of the importance of higher orders.
QCD predicts an asymmetry in the azimuthal distribution of hadrons around the virtual photon direction in the hadronic center of mass frame (HCM) as manifested in the distribution of the angle between the hadron production plane and the electron scattering plane. QCD also predicts that this azimuthal asymmetry will evolve in η HCM because the contributions of the originating QCD-Compton and Boson Gluon fusion processes vary with η HCM . Figure 10 shows the ZEUS result for the η HCM dependence of this asymmetry from a new analysis using energy To extract the signal seen at 1522 MeV, the fit was performed using a background function plus two Gaussians. The first Gaussian, which significantly improves the fit at low masses, may correspond to the unestablished PDG Σ(1480). The peak position determined from the second Gaussian was 1521.5 ± 1.5(stat.) +2.8 −1.7 (syst.) MeV. It agrees well with the measurements by HER-MES, SVD and COSY-TOF for the same decay channel [14] . If the width of the Gaussian is fixed to the experimental resolution, the extracted Breit-Wigner width of the signal is Γ = 8 ± 4(stat.) MeV.
The number of events ascribed to the signal by this fit was 221 ± 48. The statistical significance, estimated from the number of events assigned to the signal by the fit, was 4.6σ. The number of events in the K
ZEUS has measured the open-charm contribution, F cc 2 , to the proton structurefunction F 2 . This final HERA-I result is based on 5500 D * , providing 31 additional data points over the previous ZEUS result [17] and increasing the range up to Q 2 = 500 GeV 2 . The data for F cc 2 as a function of x for fixed Q 2 are shown in Figure 12 to be consistent with previous measurements from H1 [16] and ZEUS [17] and with the recent ZEUS NLO fit [15] . The data rise with increasing Q 2 , with the rise becoming steeper at lower x, demonstrating the property of scaling violation in charm production. The uncertainty on the theoretical prediction is that from the PDF fit propagated from the experimental uncertainties of the fit data. At the lowest Q 2 , the uncertainty in the data is comparable to the PDF uncertainty shown. This implies that the double-differential cross sections could be used as an additional constraint on the gluon density in the proton.
ZEUS has measured beauty photoproduction in events with two jets and a muon, for Q 2 < 1 GeV 2 [19] . These events have been shown to agree with NLO QCD predictions based on the FMNR [20] program. This NLO QCD prediction was used to extrapolate the cross section for dijet events with a muon to the inclusive b-quark cross section. The b-quark differential cross section was measured as a function of the quark transverse momentum, dσ(ep → bX)/dp b T , for b-quark pseudorapidity in the laboratory frame |η b | < 2. The result, shown in Figure 13 , is consistent with the previous ZEUS result from semi-leptonic B decays into electrons [18] translated into the b-quark cross section for p b T > p min T = 5 GeV and |η b | < 2, converted to a differential cross section using the NLO prediction and plotted at the average bquark transverse momentum. Beauty photoproduction in ep collisions is reasonably well described by NLO QCD.
ZEUS has also measured the b cross section in DIS events with at least one hard jet in the Breit frame (E Breit T > 6GeV ) together with a muon and electron for photon virtualities Q 2 > 2GeV 2 , as well as from events with a muon and a D*. These measurements have been compared with an NLO QCD calculation in the HVQDIS program [21] . Figure 14 compares the cross sections from these measurements and the photoproduction measurements in various kinematic regions shown with the NLO QCD calculation. While, as mentioned above, the photoproduction measurements are in good agreement with the NLO QCD calculation, the DIS measurements, although in general consistent with the NLO QCD calculation, are about two standard deviations above the NLO QCD calculation at low values of Q 2 , Bjorken x and muon transverse momentum, and high values of jet transverse energy and muon pseudorapidity. 
Diffraction and Vector Meson Production
ZEUS has measured the exclusive electroproduction of J/ψ mesons, ep → eJ/ψ p, for photon virtualities in the ranges 0.15 < Q 2 < 0.8 GeV 2 and 2 < Q 2 < 100 GeV 2 , for photon-proton center-of-mass energies in the range 30 < W < 220 GeV. The cross section of the process γ * p → J/ψ p measured for |t| < 1 GeV 2 , but extrapolated to the full t range, rises with W as σ ∝ W δ , with a slope parameter δ of about 0.7. This parameter does not change significantly with Q 2 and is consistent with that observed in J/ψ photoproduction. The cross section at W = 90 GeV and over the whole Q 2 range is described by the function σ ∝ (Q 2 + M 2 J/ψ ) −n , with n = 2.44 ± 0.08, and is plotted in Fig. 15 as a function of W and Q 2 , along with the ZEUS measurement of exclusive J/ψ photoproduction [22] . The data is also compared to the LO calculation of Martin, Ryskin and Teubner (MRT) [23] with three different gluon distributions: MRST02 [24] , CTEQ6M [25] and ZEUS-S [15] , obtained from NLO DGLAP analyses of structure function data and normalized to the ZEUS photoproduction measurement at W = 90 GeV. While CTEQ6M de- dσ/dp T b (pb/GeV) dσ/dp T (ep→ebX) dσ/dp scribes the W and Q 2 dependence of the data, MRST02 has the wrong shape in W , particularly at low Q 2 . ZEUS-S describes the W dependence but falls too quickly with increasing Q 2 . The data exhibit a strong sensitivity to the gluon distribution in the proton. However, full NLO calculations are needed in order to use these data in global fits to constrain the gluon density.
ZEUS has measured the exclusive electroproduction of φ mesons, ep → eφ p, for photon virtualities in the range and 2 < Q 2 < 70 GeV 2 , for photon-proton centerof-mass energies in the range 35 < W < 145 GeV and |t| < 0.6 GeV 2 . Figure 16 (top) shows the extracted cross section of the process γ * p → φ p measured as a function of W and Q 2 . The data were fit to a dependence σ ∝ W δ with δ ≈ 0.3. The fit values of δ are compared to those from previous ZEUS measurements for different VM in Fig. 16 (bottom) . The behavior of δ is consistent with a scaling of the W dependence for exclusive VM production with Q 2 + M 2 V . ZEUS has studied whether hard diffractive processes can be factorized into universal diffractive PDFs and the partonic cross section using a data sample from 30 times the luminosity of the previous ZEUS result [26] and using a new forward detector added near the beam pipe, that allows measurements to be made over a wider kinematic range. Dijet events are selected with 0.2 < y < 0.85, Q 2 <
1.0GeV
2 , x pom < 0.035, E jet1(2) T > 7.5(6.5) GeV and −1.5 < η jet1,2 < 2.0. Diffractive events are selected with a rapidity gap in the forward region, 3 < η < 5. Figure  17 shows that the LO prediction from the Rapgap [28] generator, normalized to the data by a factor of 0.59 describes the x at lower x obs γ would suggest a suppression of the resolved photon processes with respect to the direct photon processes, indicating a breakdown of QCD factorization, but this is not observed.
ZEUS has studied CC DIS events with a Large Rapidity Gap (LRG) for Q 2 > 200GeV 2 and x Bj > 0.05. Figure 18 shows the distribution of η max , where η max is the pseudorapidity of the energy distribution in the calorimeter above 400 MeV which is closest to the outgoing proton direction. The data are compared with a combination of non-diffractive events produced by Djangoh [27] interfaced to Ariadne [11] for fragmentation and diffractive events modeled by the Rapgap [28] generator. The upper plot in Fig. 18 shows an excess of events with a LRG over Ariadne at low η max . The bottom plot in Fig. 18 shows the η max distribution with the requirements that the Forward Plug Calorimeter (extending the acceptance of the forward calorimeter by one unit to η = 5) satisfies E F P C < 1 GeV, suppressing the non-diffractive contribution. Additional cuts of η max < 2.9 and x pom < 0.05 (where x pom is the fraction of proton longitudinal momentum carried by the diffractive exchange) further reduce the non-diffractive background, resulting in 9 data events, 5.6 ± 0.7 diffractive CC (Rapgap) simulated events and 2.1 ± 0.4 non-diffractive CC (Ariadne) simulated events. The assumption that the excess of LRG events over the non-diffractive expectation from Ariadne is due to diffraction results in the cross section, σ CC DIF F (Q 2 >200GeV 2 ,xpom<0.05) = 0.49 ± 0.20(stat.) ± 0.13(syst.) pb, compared with a prediction of 0.4 pb from Rapgap. The ratio of diffractive to total CC cross sections, σ CC DIF F (Q 2 >200GeV 2 ,xpom<0.05) σ CC T OT (Q 2 >200GeV 2 ,xBj<0.05) = (2.9 ± 1.2 (stat) ± 0.8 (syst)) %, is similar to that measured in the NC DIS process [29] in a similar kinematic region.
HERA-II Results
Since the start of HERA-II running, ZEUS has been recording the collisions of polarized positrons with protons using its new microvertex and forward tracking detectors. Figure 19 shows use of the new microvertex detector to place a significance cut on a secondary vertex to extract a D + sample from 5 pb data. Figure 20 shows the ZEUS measurement of the polarized CC DIS cross section for Q 2 > 400GeV 2 from 6.6 pb −1 of HERA-II luminosity with 33 % polarized positrons. The systematic error of about 2 % is principally due to the calorimeter energy scale, the event selection, PDF uncertainty and the trigger acceptance. Also plotted is the ZEUS HERA-I unpolarized point [2] and the SM prediction using the CTEQ6M [3] PDF. Both data points are shown to be consistent with the SM and the polarized positron CC cross section has been measured, σ CC = 38.1 ± 2.9(stat.) ± (sys.) ± 2.0(lumi.) ± (pol) pb.
Summary and Conclusions
New results from ZEUS are completing the picture from HERA-I. These include the full complement of structure function and cross section measurements. Precise jet measurements have determined α s within 2 % and are being used to constrain the structure function QCD fits. A new era in hadron spectroscopy has begun with the evidence of pentaquark states. Charm physics is now providing new constraints on the gluon distribution in the proton. DIS and photoproduction b cross sections are now in general agreement with NLO QCD calculations. There is also new understanding of diffraction in terms of QCD calculations.
The first ZEUS results from HERA-II show great promise with new charm data with the new ZEUS microvertex detector and the measurement of the polarized CC DIS cross section. These provide just a taste of the rich physics harvest to follow.
